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ABSTRACT 

The consequences of a n t i m a t t e r  bodies on t h e  very h igh  energy 

primary cosmic ray f l u x  are considered. The effects  of  va r ious  models 

of cosmic r ay  o r i g i n  and p r o p e r t i e s  of a s t r o p h y s i c a l  parameters  are 

d i scussed .  

N-N c o l l i s i o n s  as a f u n c t i o n  of energy o f  t h e  i n c i d e n t  proton i s  obtained 

by u t i l i z i n g  c h a r a c t e r i s t i c s  of p a r t i c l e s  produced i n  high energy 

c o l l i s i o n s .  

a l l  an t iba ryons  t o  decay t o  an t ip ro tons .  

A simple expres s ion  f o r  the product ion of a n t i p r o t o n s  i n  

It is  assumed t h a t  s u f f i c i e n t  t i m e  w i l l  have elasped f o r  



INTRODUCTION 

The symmetry berween p a r t i c l e s  and a n t i p a r t i c l e s  t h a t  have been 

observed upon e a r t h  has  l e d  t o  the  hypo thes i s  t h a t  t h e  un ive r se  should 

c o n t a i n  no t  only matter b u t  also an t fma t t e r  

Har r i son  has  proposed Baryon inhomogeneities i n  t h e  e a r l y  s t a g e s  of 

t h e  formation of t h e  un ive r se  which could account f o r  t h e  formation of 

3 3 9 35  9 3 3 R e c e n t l y  
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a n t i g a l a x i e s  .I1 I 1  

Out of the m u l t i t u d e  of quest ions t h a t  arises from t h e s e  i n v e s t i -  

g a t i o n s ,  one i s ,  “What s i z e  are t h e  a n t i m a t t e r  bodies?11 One would 

expect  t h a t  they are not  smaller than t h e  s i z e  of our  galaxy, otherwise 

w e  would probably see a n t i m a t t e r  i n  t h e  primary cosmic r ay  f l u x  a t  low 

e n e r g i e s  (10 GeV c E I l o6  GeV). 

of a galaxy o r  even much l a r g e r ?  We w i l l  i n d i c a t e  some of t h e  p o s s i b l e  

e f f e c t s  t h a t  v a r i o u s  s i z e s  m i g h t  have on t h e  primary cosmic r ay  f lux .  

But are t h e  bodies  then  of t h e  s i z e  



, 

2 

S I Z E  EFFECTS 

The observed primary cosmic ray  spectrum has a break  (ankle)  a t  

l o 7  - 10 GeV. 
8 

The usua l  i n t e r p r e t a t i o n  of t h i s  break i n  t h e  a E 

spectrum is  t h a t  p a r t i c l e s  w i th  energ ies  less than  E are of g a l a c t i c  

o r i g i n  and t h a t  t hose  wi th  energ ies  g r e a t e r  than  E 

have escaped from neighboring ga lax ies .  I€ w e  assume t h a t  t h e  a n t i -  

matter bodies  are of t h e  s i z e  of a galaxy w e  would expec t ,  b a r r i n g  o t h e r  

sou rces  (see s e c t i o n  1111, t h e  primary cosmic rays of energy g r e a t e r  

than  Ea t o  con ta in  a n t i m a t t e r  i n  p ropor t ion  t o  t h e  r a t i o ,  R ,  of a n t i -  

matter t o  matter bod ie s ,  Thus i f  R 1 t h e  cosmic ray f l u x  wi th  

E , E would be  about 1 1 2  an t ima t t e r .  

a 

are p a r t i c l e s  t h a t  a 

a 

L e t  us assume that  e x t r a g a l a c t i c  cosmic r ays  are governed by 

d i f f u s i o n  processes  and are confined t o  t h e  r eg ion  of i n t e r g a l a c t i c  

space  f o r  10 y r s .  w i t h  a mean f r e e  pa th  of PO 1 .y .  One can estimate 

t h e  r eg ion  i n  which they remain t o  have a r a d i u s  of approximately 

3x10 l e y .  ( t h e  l o c a l  metaga lac t ic  model). 

10 5 
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3 
CONTAMINATIONS 

We now examine the various contaminations t h d t  could altect the 

antimatter flux. The first one that we will consider is of antiprotons 

which are produced wirhin our galaxy. Wayland and Bowen have shown 

the antiproton flux which should arise from production, acceleration, and 

10 

diffusion within our galaxy is as in Fig. 1. Thus the very high energy 

spectrum will not be seriously affected by locally produced antiprotons. 

Note that even those antiprotons which escape are down by a factor of 

lom5 and would not mask the component f o r  an antimatter to matter ratio 

of  PO-^. 
A second possibility is the production of antiprotons in inter- 

galactic space when cosmic ray protons collide with intergalactic 

protons. We can estimate this flux, J, by noting 

eff J = cn = c q ~  

where 

3 n = number density of antiprotons (p/cm sr.) 

Tj = production rate of antiprotons (F/cm sec.sr,) 

T = the effective life time (sec.) 

3 

eft 

We can apprcximate by 
X 

a 
where j(E)dE is the differential and J(E) the integral energy spectrum of 

primary cosmic: rays, P is the density of matter in intergalactic space 

and 3 is the average production cross sectim in the energy range greater 

than E e Thls can be estimated from rhe formula (see appendix) a 



a, = 0.775 (E' - 2.5) 
0 P 

(3) 

where E is the energy of the incident proton. In the energy range 
0 

greater than E this is approximately 100 mb. We take the value of 

J ( E  from the measured cosmic ray integral t l u x  to be 10-13(Wlcm see. SK.) 

and take p (#/cm3)"- Thus 5 ' (fjliern see,sr.). Recall that T-' = 

c 4- T wheLe 7 is the annihilation life time for and T is 

the escape lifetime, The Pomeranchuk theorem says that at very high 

a 
2 

a 
3 

eff 
-1 -1 
ann esc ann es c 

12 

energies, particle and ansiparticle cross sectims tend to be equal and 

of constant finite values. A s  an approximate estimate we will take 

a- 3 ' 40mb. We have used the value for a given by Diddens, et ale 

Then o .' (pcapp) >- 8.3~10 sec, " 2,6xlO yrs. This is, of course, 

13 
PP PP PP 

-1 20 13 
ann 

10 many times the age of the universe and we can set T r e 10 yrs. etf esc 
-17 2 We calculate J from Eqn, (1) to find thac it is 9x10 (p/cm see.sr,) at 

E 10 GeV, Thus we can neglect the production of antiprotons in inter- 

galactic space obscuring the ancimatter kiux. 

7 
a 

A third consideration is the temoval of the antimatter flux by 

interactions with the intergalactic medium. The intergalactic medium 

cou ld ,  under zhe conditions of a balance of matter to antimatter, be 

cmposed not only of matter but also of ancimatter. Gould and Burbidge 14 

have shown that the upper limits of the y ray f l u x  in cosmic rays implies 

that either the matter and antimatter are separated OX that che ratio of 

antimatter co matter is less than 10 We shall assume that they are -6 

separated. Antimatter - antimatter collisions would not remove the 

antimatter ilux. As we saw above, the annihilation of antimatter on 
13 t matrer would take approximately 2,6xlO yrs. 

'We have used the reslllts OL dntiproeon c r o s s  sections to obtain an 
esrimate f o r  antimatter dnnihilation cross  secrinns, 



This  is t o o  long t o  be an  effective removal agent .  

Another f a c t o r  t h a t  could affect  t h e  a n t i m a t t e r  f l u x  would b e  i t s  

i n t e r a c t i o n  wi th  the  i n t e r s t e l l a r  matter of our galaxy. 

g r s a t e r  t han  E 

s t r a i g h t  l i n e .  A t  most, then,  the t o t a l  pa th  l e n g t h  would be the diameter 

A t  t he  e n e r g i e s  

t h e  cosmic ray p a r t i c l e s  would travel f n  approximately a 
a 

of our galaxy (. 7.25kpc) and thus  would spend about 8x10 4 yrs. i n  t r a v e r s i n g  

-2 3 m a t t e r  of a h ighe r  d e n s i t y  ( . l o  /em ). But, u s ing  t h e  above cross 

s e c t i o n  f o r  a n n i h i l a t i o n ,  w e  f i n d  t h a t  T~~~ 2x10 y r s .  Again, t h e  

e f f e c t  on t h e  a n t i m a t t e r  flux can b e  neglecced. 

9 * 

7 di 
I f  r h e  d e n s i t y  is inc reased  eo l/cm3, w e  f i n d  t h a t  : !-. 2x10 y r s .  ann 



6 DlSCUSSION AND CONCLUSION 

l n  t h e  above computation w e  have made assumptions t h a r  should b e  

-6 3 s t a t e d  e x p l i c i t l y .  When w e  choose p ( i n t e r g a 1 a c t i c )  10 /cm w e  took 

a mean va lue  without  cons ide ra t ion  of cosmological t h e o r i e s  of t h e  o r i g i n  

of t h e  universe .  This  va lue  of the d e n s i t y  could vary by a f a c t o r  of 100 

h i g h e r  and n o t  appreciably change ou r  r e s u l t s .  Also w e  have assumed a 

d i f f u s i o n  theory i n  our c a l c u l a t i o n  of 

space.  Burbidgel’ has suggested t h a t  t h e  e x t r a g a l a c t i c  cosmic rays come 

from s t r o n g  r a d i o  sources .  Even i f  t h e r e  i s  no d i f f u s i o n  and t h e  ex t r a -  

g a l a c t i c  cosmic ray p a r c i c l e s  t r a v e l  i n  s t r a i g h t  l i n e s ,  t h e  above c o n s i d e r a t i o n s  

i n d i c a t e  t h a t  w e  would s t i l l  expect a s imilar  s i t u a t i o n  as o u t l i n e d  above. 

( I n  t h i s  c a s e  t h e  sampling region approaches t h e  s i z e  of t h e  observable  

u n i v e r s e ) .  

of ma t t e r - an t ima t t e r  exp los ions  one would have t o  a l t e r  t h e  above conclusions.  

Cons ide ra t ions  of this t ype  a r e  beyond t h e  scope of t h i s  note .  

product ion i n  i n t e r g a l a c t i c  

However, if t h e  e x t r a g a l a c t i c  cosmic ray sources  are t h e  r e s u l t  

The attempcs t o  observe a n t i m a t t e r  i n  cosmic rays have been a t  low e n e r g i e s  

and without  success  y18y19. E x i s t i n g  experimenral  techniques w i l l  no t  

d i s t i n g u i s h  between matter and a n t i m a t t e r  cosmic ray f l u x e s  a t  e n e r g i e s  as 

g r e a t  as E . 
a 

8 l n  conclusion,  w e  no te  t h a t  i n  t h e  energy range g r e a t e r  than l o 7  - 1 0  G e V  

t h a t  t h e  presence of an appreciable  a n t i m a t t e r  f l u x  i n  t h e  primary cosmic ray 

flux i n d i c a t e s  t h e  a n t i m a t t e r  bodies are probably of t h e  s i z e  of a galaxy. 

I f  e x t r a g a l a c t i c  cosmic r ays  d i f f u s e  w i t h i n  t h e  s u p e r c l u s t e r ,  t h e  l a c k  of an 

a p p r e c i a b l e  very high energy a n t i m a t t e r  f l u x  could i n d i c a t e  t h a t  e i t h e r  t h e  

a n t i m a t t e r  bodies  are f a r t h e r  away t h a n  3x10 1 .y .  (and probably of t h a t  s i z e  

o r  g r e a t e r )  or that: t h e  r a t i o  of a n t i m a t t e r  t o  m a t t e r  bodies  w i t h i n  3x10 1.y. 

is v e r y  low, 

f 

7 

7 

‘if w e  assume e x t r a g a l a c t i c  d i f f u s i o n .  



APPENDIX 

Antiproton Product ion a t  High Energies  

For t h e  case of product ion at - 100 GeV, w e  d e f i n e  the fol lowing:  

0 n = average number of TT produced, 

n 

0 
TI 

= average number of n e u t r a l  p a r t i c l e s  h e a v i e r  t han  rr's 
0 x produced, 

n , = average number of charged p a r t i c l e s  h e a v i e r  than  T I ' S  

x produced, 
.t ( A l l  

n e = average  number of 71 produced, 

n, 

n = average number of a l l  x p a r t i c l e s  produced, 

n 

TI 

= average number of a l l  charged p a r t i c l e s  produced, 

X 

= average number of a l l  p a r t i c l e s  produced, 

Then by d e f i n i t f o n  w e  have 

n = n  + n  
X xo x" 

n = n , + n o + n o .  
X TI 

From Eqn. (A2) w e  f i n d  

where w e  have assumed t h a t  n t = 2nFo, and de f ined  
n IT 
710 

n t + n t  
nn 0 R . -  = 
n4 n X 

Now cons ide r  Eqns. (A3) and (A41 

+ 1) 

xo nTIO 
n t  (1 t - -k --> 

X0 
n 

n nx+  (TT 
X X - =  

n n 

n .  n ,  

and from Eqn. ( A 5 1 ,  
20 

We know exper imenta l ly  t h a t  n 0 n - 
X X 



8 

s o  we cdn ~ ~ i t e  Eqn. (A7) as 

2 ( 1  - 2R) n x - =  
n 2 - R  

I f  w e  assume trom t h e  s t a t i s t i c a l  model t h e  u s u a l  form2' O f  

11% 
n = a + bE (where E i s  t h e  energy of t h e  i n c i d e n t  p a r t i c l e )  Eqn. (A8) 

0 0 

can be w r i t t e n  as: 

I/ c 
2(1 - 2R) ( a  + bEo ) .  n =  2 - R  X 

If one examines t h e  p o s s i b l e  production r e a c t i o n s  f o r  x p a r t i c l e s  i n  

N-N c o l l i s i o n s  , one n o t i c e s  t h a t  20 

n = 2 + 2 n ,  - 
X X 

where n- is t h e  average number of a n t i  -x p a r t i c l e s .  Then w e  have 
l / b  

X 

a + bEo 
3 - 1. 2 ( 1  - 2R) 

L z [  X 2 - R  I [  2 

20 
Note Khat  a 0 and b 3 . 2  0 For a l a r g e  energy range i t  is  known t h a t  

R = 0.4. This r a t i o  i s  found from count ing t h e  number of pos i t ron -e l ec t ron  

p a i r s  Formed. I f  w e  weigh t h e  p o s s i b l e  r e a c t i o n s  by t h e  method of Yelvin 

(us ing  t h e  p o s s i b l e  2 1  22 
and D e  S h a l i t  , and Barasenkov and Barbasev 

decay s t a t e s  and branching r a t i o s  given i n  t h e  t a b u l a c i o n  of Rosenfeld,  

e t  a l .  23 ) i t  is found t h a t  t h e  e r r o r  from not i n c l u d i n g  o t h e r  sources  

( i . e . ,  o t h e r  t han  a') of y ' s  is l e s s  than  3%. Thus Eqn. (11) becomes 

'/+ 
n, c 0.4E - 1. 
X 0 

I f  we assume t h a t  enough t i m e  has  passed f o r  a l l  P t o  decay i n t o  w e  can 

w r i t e  ( a s  an e q u i v a l e n t  cond i t ion )  

n- = n- + n-. 
x K P  

(20) a s  n-o = %- 
K 
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P a r t i c l e  production i n  N-N c o l l i s i o n s  24 925 have t h e  I n t e r e s t i n g  c h a r a c t e r i s t i c  

t h a r  t h e  momentum s p e c t r a  of K- and 

r e s u l t s  of experiment 2 0 y 2 4 y 2 5  w e  f i n d  n-/n, 0.125. Thus 

have almost t h e  same shape. Using t h e  

P K  

( U 5 )  n- 17n-. 
X P 

Using Eqns. (A12) and (A15) we have 
L / I .  

L ’*’ 0.025 (E - 2.5) P 0 

The average number of produced heavy a n t i p a r t i c l e s  is  

c a, 
n 

i i .  n - = Z n _  Wi=- 
i n  0 H i H i  

where W. is  t h e  p r o b a b i l i t y  of the ith i n t e r a c t i o n  i n  t h e  i n e l a s t i c  

r e a c t i o n s  and o 

w e  w i l l  assume t h a t  u 31mb. Thus, 

1 

26 31 mb over a l a r g e  energy range As an  approximation i n  

i n  
I l k  

U- 0.775 (Eo - 2.5) 
P 

f o r  Eo i n  GeV and u- i n  mb. A p l o t  of‘ u- vs, E is shown i n  F ig -  11. P P 0 
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